Abstract. Effects of sustained inflation (SI) and pressurecontrolled ventilation (PCV) on respiratory mechanics, early central drive, and hemodynamics in patients with acute respiratory distress syndrome (ARDS) were investigated and compared. A retrospective analysis of 26 patients with ARDS, who were admitted to the Yiwu Central Hospital from March 2015 to March 2016, was performed. According to the ventilation method adopted by the patients with ARDS, 13 patients who received SI treatment were included in the SI group and 13 patients who received PCV treatment were included in the PCV group. The condition of central drive of the patients in the two groups was recorded and calculated continuously before and after recruitment maneuver (RM), the changes of each indicator of the respiratory function and hemodynamics were recorded and calculated before and after RM at 1, 10, 20 and 30 min. The differences were not statistically significant when comparing PIP, Pplate and Crs in patients in the SI group and the PCV group before RM with those after RM at 1, 10, 20 and 30 min (P>0.05), the differences were not statistically significant when comparing heart rate and mean arterial pressure in patients in the SI group and the PCV group before RM with those after RM at 1, 10, 20 and 30 min (P>0.05). Ηowever, central venous pressure in patients in the SI group after RM at 10 and 20 min was significantly higher than that in the PCV group, and the differences were statistically significant (P<0.05). VT/RMS, VE/RMS and ΔPdi/RMS in the SI group and the PCV group after RM were significantly higher than those before RM, and the differences were statistically significant (P<0.05). There was little difference in the effect between SI and PCV on respiratory mechanics, early central drive and hemodynamics in patients with ARDS, and both mechanical ventilation methods enhanced the effect of central-mechanical-ventilation coupling after RM. Therefore, the two mechanical ventilation methods, SI and PCV, were equally available for patients with ARDS.
Introduction
Acute respiratory distress syndrome (ARDS) is edema that appears in diffuse pulmonary interstitial and alveolus and is caused by a variety of serious intrapulmonary and extrapulmonary diseases. The diseases facilitate the increase of lung water content, the decrease of lung volume, the continuous reduction of lung compliance and the collapse of alveolus. ARDS severely affects the function of ventilation and blood flow exchange (1, 2) . The fatality rate of ARDS is extremely high, and progressive respiratory distress and refractory hypoxemia are clinical syndromes characterized by ARDS (3, 4) . ARDS is a complicated syndrome whose nosogenesis is multifactorial due to the involvement of different pathogenies (5, 6) . Respiratory mechanics, early central drive and hemodynamics are commonly used as observation indicators of ARDS (7, 8) .
Mechanical ventilation therapy and non-mechanical ventilation therapy are the two main methods for the treatment of ARDS (9) . Recruitment maneuver (RM) is mechanical ventilation therapy, which reopens the alveoli without ventilation or hypoventilation and improves the compliance of oxygenation and respiratory system. Mechanical ventilation therapy is an important treatment for ARDS (10) . The common RM techniques include sustained inflation (SI) (11) , pressure-controlled ventilation (PCV) (12) , and IP (13) . The most basic mechanical modes for patients with ARDS are SI and PCV (14) . As a method which promotes RM of collapsed alveoli, SI can significantly improve lung compliance, oxygenation, and offset the disadvantages that collapsed alveoli hardly can achieve RM when the lung protective ventilation is strategized (15) . PCV refers to a process in which the airway pressure and inspiratory time of the respirator are set up in advance. When the airflow enters the lungs quickly and the pressure level in the lungs is equal to the preset pressure level, the speed of the ventilative airflow will slow down and the preset pressure level of the respirator is maintained until the termination of inhaling and then exhaling (12) . However, there are few studies relating to advantages and disadvantages of the effects of SI and PCV on respiratory mechanics, early central drive and hemodynamics in the treatment of patients with ARDS. This study compared the efficacy and safety of the two RM methods by observing the effects of SI and PCV on respiratory mechanics, early central drive and hemodynamics in patients with ARDS.
Patients and methods
Patient information. Twenty-six patients with ARDS who were admitted to the Yiwu Central Hospital (Yiwu, China) from March 2015 to March 2016 were selected. According to the ventilation method adopted by the patients with ARDS, 13 patients with ARDS who were treated with SI were included in the SI group, including 8 males and 5 females. The age range was from 30 to 66 years, and the average age was 48.03±10.01 years; 13 patients with ARDS who were treated with PCV were included in the PCV group, including 7 males and 6 females. The age range was from 29 to 65 years, and the average age was 48.04±10.03 years. Inclusion and exclusion criteria were: All selected people conformed to the diagnostic criteria of WHO for ARDS (3) . Patients who were <18 years old and had serious intracranial hypertension; with pneumothorax, bronchopleural fistula, chronic obstructive pulmonary disease, and hemodynamic instability (systolic pressure >180 or <90 mmHg); who received pulmonary lobectomy within 2 weeks; who had arrhythmia during RM (heart rate >140 beats/min); whose heart rates increased by 20 times/min after RM; whose arterial systolic pressure was abnormal (systolic pressure <90 mmHg); whose arterial systolic pressure decreased by 30 mmHg after RM; whose percutaneous arterial oxyhemoglobin saturation was abnormal (percutaneous arterial oxyhemoglobin saturation <90%) and whose percutaneous arterial oxyhemoglobin saturation decreased by >5% after RM, were excluded. This study was approved by the Ethics Committee of the Yiwu Central Hospital. Patients who participated in this research had complete clinical data. The signed informed consents were obtained from the patients or the guardians. When comparing the general data of the patients in the two groups, there was no statistically significant differences (P>0.05) ( Table Ⅰ) .
Main instruments. Puritan Bennett 840 respirator (20160077; Shanghai Jumu Medical Devices Co., Ltd., Shanghai, China).
Methods. All patients with ARDS took the supine position during the mechanical ventilation. The secretions in airway of patients were completely cleared away before the artificial airway was established, and after patients were sedated and given analgesic, they were treated with ventilation therapy by connecting Puritan Bennett 840 respirator (20160077; Shanghai Jumu Medical Devices Co., Ltd.). A low tidal volume of 6-8 ml/k were used to control ventilation, and breathing rate was regulated at the frequency of 15 times/min. The vital signs and blood gas analysis of all patients were closely monitored during the RM. The RM was used once in each group. Controlling lung expansion, one of the RM strategies, was used in the SI group: The respirator mode was adjusted to CPAP mode. The positive end-expiratory pressure ventilation was maintained at 5 cm H 2 O, the inspiratory pressure was from 30 to 45 cm H 2 O, and the duration was 20 sec. Pressure controlled ventilation was used in the PCV group: The respirator mode was adjusted to BIPAP mode. The pressure was adjusted to a high pressure of 40 cm H 2 O and a low pressure of 20 cm H 2 O, and this condition was maintained for 2 min, then the ventilation condition and mode were recovered to what it used to be. iii) Hemodynamics. Heart rate (HR), mean arterial pressure (MAP), and central venous pressure (CVP) were monitored and recorded before and after RM at 1, 10, 20 and 30 min.
Observation indicators
Statistical analysis. SPSS 17.0 software system (SPSS, Inc., Chicago, IL, USA) was used to carry out the statistical analysis. The enumeration data were expressed in the form of [n (%)]. The measurement data were expressed as the mean ± SD. Independent-samples t-test was used in the comparison of the data between two groups, and χ 2 test was used in the enumeration data. One-way ANOVA test with Least Significant Difference test was used in the comparison of the data between groups. At P<0.05 the difference was statistically significant.
Results

Comparison of each indicator of respiratory mechanics between two groups i)
Comparison of PIP between two groups. The differences were not statistically significant when comparing PIP in patients in the SI group and the PCV group before RM with that after RM at 1, 10, 20 and 30 min (P>0.05). The comparison within the group showed that when the peak of PIP in patients in the SI group and the PCV group appeared at 1 min after RM, PIP was significantly higher than that before RM (P<0.05). PIP of both groups gradually decreased after RM, and the comparison of PIP at different time-points showed that the differences were statistically significant (P<0.05) ( Table Ⅱ) .
ii) Comparison of Pplate between two groups. The differences were not statistically significant when comparing Pplate in patients in the SI group and the PCV group before RM with that after RM at 1, 10, 20 and 30 min (P>0.05). The comparison within the group showed that when the peak of Pplate in patients in the SI group and the PCV group appeared at 1 min after RM, Pplate was significantly higher than that before RM (P<0.05). Pplate of both groups gradually decreased after RM, and the comparison of Pplate at different time-points showed that the differences were statistically significant (P<0.05) ( Table Ⅲ) .
iii) Comparison of Crs between two groups. The differences were not statistically significant when comparing Crs in patients in the SI group and the PCV group before RM with that after RM at 1, 10, 20 and 30 min (P>0.05). The comparison within the group showed that when the valley value of Crs in patients in the SI group and the PCV group appeared at 1 min after RM, Crs was significantly lower than that before RM (P<0.05). Crs in the two groups showed an upward trend from 1 to 10 min after RM, but Crs in the two groups showed a downward trend from 10 to 30 min after RM, and the comparison of Crs at different time-points showed that the differences were statistically significant (P<0.05) ( Table Ⅳ) .
Comparison of the changes of each indicator of early central drive in the two groups before and after RM.
Before RM, VT/RMS was 23.01±9.02 ml/µV, VE/RMS was 0.20±0.04 l/µV, ΔPdi/RMS was 0.37±0.18 cm H 2 O/µV. VT/RMS in the SI group and the PCV group after RM was respectively 40.03±11.36 and 39.65±11.06 ml/µV, which were both significantly higher than VT/RMS before RM, and the differences were statistically significant (P<0.05); VE/RMS in the SI group and the PCV group after RM, respectively were 0.64±0.12 and 0.65±0.14 l/µV, which were significantly higher than VE/RMS before RM, and the differences were statistically significant (P<0.05); ΔPdi/RMS in the SI group and the PCV group after RM respectively were 0.57±0.11 cm H 2 O/µV and 0.55±0.12 cm H 2 O/µV, which were both significantly higher than ΔPdi/RMS before RM, and the differences were statistically significant (P<0.05); the differences were not statistically significant when comparing VT/RMS, VE/RMS, ΔPdi/RMS in the SI group with those in the PCV group after RM (P>0.05) (Table Ⅴ and Fig. 1) .
Comparison of each indicator of hemodynamics in the two groups i)
Comparison of HR between two groups. The differences were not statistically significant when comparing HR in patients in the SI group and the PCV group before RM with that after RM at 1, 10, 20 and 30 min (P>0.05). The comparison within the group showed that when the peak of HR in patients in the SI and the PCV group appeared at 1 min after RM, HR was significantly higher than that before RM (P<0.05). HR of both groups gradually decreased after RM, and the comparison of HR at different time-points showed that the differences were statistically significant (P<0.05) ( Table Ⅵ) .
ii) Comparison of MAP between two groups. The differences were not statistically significant when comparing MAP in patients in the SI group and the PCV group before RM with that after RM at 1, 10, 20 and 30 min (P>0.05). The comparison within the group showed that when the valley value of MAP in patients in the SI group and the PCV group appeared at 1 min after RM, MAP was significantly lower than that before RM (P<0.05). MAP of both groups gradually increased after RM, and the comparison of MAP at different time-points showed that the differences were statistically significant (P<0.05) (Table VII) . The group that after RM was significantly higher than that before RM, with a statistically significant difference (P<0.05).
After RM ----------------------------------------------------------------------------------
iii) Comparison of CVP between two groups. When the two groups were compared, it was found that there were no significant differences between the two groups before RM and at 1 and 30 min after RM. CVP in patients in the SI group at 10 and 20 min after RM was significantly higher than that in the PCV group, and the difference was statistically significant (P<0.05). The comparison within the group showed that when the peak of CVP in patients in the SI group and the PCV group appeared at 1 min after RM, CVP was significantly higher than that before RM (P<0.05). CVP of both groups gradually decreased after RM, and the comparison of CVP at different time-points showed that the difference was statistically significant (P<0.05) (Table VIII) .
Discussion
The mortality of patients with ARDS is up to 39-69%. The obvious decrease of pulmonary volume and the uneven lesions are the important features of ARDS (16) . It has been reported that the incidence of patients with ARDS is closely related to the indicators of respiratory function in their own biological mechanism, including PIP, Pplate, Crs, the condition of central-mechanical-ventilation coupling before and after RM, hemodynamics, HR, MAP, and CVP (8) . The treatment of ARDS is mainly based on the active treatment of protopathy, and patients with ARDS are treated with mechanical ventilation to prevent further lung damage and reduce acute lung damage or the case fatality rate of ARDS (16, 17) . In the process of mechanical ventilation, the occurrence of high airway pressure is frequent, which will result in barotrauma. The traditional volumetric ventilation mode easily results in barotrauma due to the constant volume and high peak pressure, and different ventilation modes may have different effects on patients with ARDS (18, 19) . RM is an important means for the treatment of ARDS. There are many types of RM used in clinical practice, among which SI and PCV are commonly used for the treatment of ARDS (20) . At present, there are few studies on the advantages and disadvantages of the effects of SI and PCV on respiratory mechanics, early central drive and hemodynamics in the treatment of patients with ARDS. This study compared the efficacy and safety of the two RM methods by observing the effects of SI and PCV on respiratory mechanics, early central drive and hemodynamics in patients with ARDS.
In this study, according to the ventilation method adopted by patients with ARDS, 13 patients who received SI treatment were included in the SI group. At the same time, 13 patients who received PCV treatment were included in the PCV group. The changes of respiratory mechanics, early central drive and hemodynamics in the two groups before RM were compared with those after RM. The comparison of each indicator of respiratory mechanics in the two groups showed that the differences were not statistically significant when comparing PIP, Pplate and Crs in patients in the SI group and the PCV group before RM with those after RM at 1, 10, 20 and 30 min (P>0.05). However, the comparison of each indicator of hemodynamics in the two groups showed that the differences were not statistically significant when comparing HR and MAP in patients in the SI group and the PCV group before RM with those after RM at 1, 10, 20 and 30 min (P>0.05). When comparing the two groups with each other, the CVP in patients in the SI group after RM at 10 and 20 min was significantly higher than that in the PCV group, and the differences were statistically significant (P<0.05). Based on the above results, we speculated that there was little difference in the effect between SI and PCV on respiratory mechanics in patients with ARDS, but the CVP in patients in the SI group after RM at 10 and 20 min was significantly higher than that in the PCV group, which suggested that SI had a greater effect than PCV on hemodynamics in patients with ARDS. At present, there are few studies related to the effects of the mechanical ventilation methods SI and PCV, on respiratory mechanics and hemodynamics in patients with ARDS. Some studies have shown that there is little difference in the effect between SI and PCV on respiratory mechanics and hemodynamics in patients with ARDS; the two mechanical ventilation methods, SI and PCV, are equally available for patients with ARDS. There is no conclusion that one ventilation method could replace another kind of ventilation method (21, 22) . The Figure 1 . Comparison of each indicator of early central drive in the two groups before and after RM. VT/RMS in the SI and the PCV group after RM was significantly higher than that before RM, and the difference was statistically significant (P<0.05). VE/RMS in the SI and the PCV group after RM was significantly higher than that before RM, and the difference was statistically significant (P<0.05). ΔPdi/RMS in the SI and the PCV group after RM was significantly higher than that before RM, and the difference was statistically significant (P<0.05). When comparing VT/RMS, VE/RMS and ΔPdi/RMS in the SI group after RM with those in the PCV group, the differences were not statistically significant (P>0.05).
* The difference was statistically significant when the indicators of the group were compared with those before RM (P<0.05).
changes of each indicator of early central drive in patients in the two groups before and after RM showed that VT/RMS, VE/RMS and ΔPdi/RMS in the SI group and the PCV group after RM were both significantly higher than those before RM, and the differences were statistically significant (P<0.05). However, when respectively comparing VT/RMS, VE/RMS and ΔPdi/RMS in the SI group after RM with those in the PCV group after RM, and the differences were not statistically significant (P>0.05). Therefore, we believed that the two mechanical ventilation methods, SI and PCV, had similar effects on early central drive in patients with ARDS, and could enhance the effect of central-mechanical-ventilation coupling after RM. There are few studies on the effects of SI and PCV on early central drive in patients with ARDS, but we still consulted a small number of studies which were related to the effect of early central drive in patients with ARDS to support the rationality of the results of this study (23) .
In this study, the number of enrolled patients was small, which may result in some contingency on the results. In conclusion, there is little difference between the effect of SI and PCV on respiratory mechanics and early central drive and hemodynamics in patients with ARDS, and both of the The difference was statistically significant when comparing the condition of the group with that in each group at each time-point, apart from the group at 10 min after RM (P<0.05); b the difference was statistically significant when comparing the condition of the group with that in each group at each time-point (P<0.05). There were statistically significant differences between this group and the PCV group at the same time-point (P<0.05). The difference was statistically significant when comparing the condition of the group with that in each group at each time-point, apart from the group at 10 min after RM (P<0.05); b the difference was statistically significant when comparing the condition of the group with that in each group at each time-point (P<0.05).
mechanical ventilation methods can enhance the effect of central-mechanical-ventilation coupling after RM. Therefore, the mechanical ventilation methods SI and PCV, are equally available for patients with ARDS.
